Abstract. The goal of this work is the design of LED lamp with adjustable spectral characteristics. The spectral power distribution (SPD) of the lamp can be adjusted to imitate the SPD of the daylight at noon and at evening. Noon light is "bluish" and stimulates cognitive abilities, work productivity and attention; sunlight at evening doesn't inhibit melatonin production leading to improved sleep during the night and better health. Special combinations of LEDs with different spectral and power characteristics and proper control of the LEDs' operation are used to achieve the required spectral characteristics of the lamp. Thermal management investigations are made at various ambient temperatures ranging from 20ºC to 45ºC and different current values through LEDs -up to their maximum values. They allow determining safety operating conditions for LEDs depending on the ambient conditions
I INTRODUCTION
In 2012 the Scientific Committee on Emerging and Newly Identified Health Risks (an independent scientific committee under the European Commission) published the report "Health Effects of Artificial Light". The report presented the possibilities for regulation of spectral characteristics of light sources to achieve better health, improved mood and work productivity. The interest in this topic has increased in the last couple of years. This is based on the possibilities to develop integrated energy efficient light sources which have variable spectral characteristics; can stimulate the cognitive abilities, work productivity and attention in factories and office buildings; change their light spectrum in the afternoon so it doesn't inhibit melatonin production leading to improved sleep during the night.
When the sun is high in the sky, the spectral composition of the light is more intensive in the blueviolet part of the spectrum (correlated colour temperature CCT = 5500 ÷ 6500 K). It is known [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] that the radiation in that part of the spectrum (with maximum close to 440 nm -480 nm) stimulates the production of cortisol and improves the cognitive abilities, work productivity, concentration, focus, and has positive effect on the mood. On the other hand light in this part of the spectrum inhibits production of melatonin. Decrease in the production of this hormone leads to sleep problems and increases the risk of some cancers (breast cancer and others) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
During sunset sunlight passes through a thicker layer of air which leads to decrease of the intensity in the blue part of the spectrum and increase in the redorange part. Light of this kind of spectral composition doesn't inhibit melatonin production and the human body naturally prepares for rest and sleep.
The analysis of these facts leads to the conclusion that in order for artificial lightning to be beneficial for the health it needs to change its spectral composition in accordance with natural daylight.
The goals of this work are connected with design of LED lamp, proper for illumination a small room. The spectral characteristics of the lamp must be adjustable to imitate noon light (CCT = 5500 ÷ 6500 K) and sunlight at evening (CCT ~ 3000 K). The lamp's operation control has to be easy and cheap.
II MATERIALS AND METHODS

Choice of LEDs with proper spectral and power characteristics
Meet specific design requirements of the lamp involves the use of LEDs with different spectral characteristics and different power. Its light output is 800 ÷ 900 lm at 460 mA and 1012 lm at 620 mA (junction temperature Tj = 25°C) at CCT 3000K [16] . Its use allows the fulfillment of the requirements for night lighting with a luminous flux of about 800 ÷ 850 lm.
To realize daylight with bluish light, which supports cognition, attention and working capacity is necessary to add LEDs with spectral characteristics with a maximum in the spectral region 440 ÷ 480 nm. 
For various combinations of LEDs using the relationships (1) to (3) allow spectral characteristics' evaluation of the resultant radiation and to select the most appropriate combination. Calculations showed that using only blue LEDs satisfy the requirement for a sufficient intensity in the blue area (needed to stimulate the production of cortisol), but the luminous flux of the lamp is not of good quality, as it is far from the Planck's locus.
Theoretical calculations have shown that the optimal use of two blue and three green LEDs plus LED module Samsung allows achieving design goals. In this combination and selection of the magnitude of the current through the LEDs may produce appropriate spectral characteristics of the lamp -the luminous flux about 800 ÷ 850 lm and the color temperature of 5500 ÷ 6000 K. Green LEDs XLamp XPC -CREE Inc. are chosen.
All studies were further made in designed lamp are used: one LED module Samsung (Fig.1) ; two blue LEDs XPCBLU -CREE Inc. and three green LEDs XPCGRN -CREE Inc Thermal managements' calculations Usually for thermal managements calculations and junction temperature Tj estimations the thermal resistance model, described in [17] , is used - Fig. 3 . Fig. 3 . Thermal resistance model for n XLamps LEDs. R th j-spthermal resistance from junction to solder point; R th sp-h -thermal resistance from solder point to heat sink; R th h-a -thermal resistance from heat sink to ambient; T j1 , T jn and T sp1 , T spn are junction and solder point temperatures corresponding.
T jMAX =T a-max +(R thj-sp +R thsp-h )*P LED +R thh-a *P tot (4) where: R th h-a -thermal resistance from heat sink to ambient. P LED is the power of one LED chip: The calculations made on the basis of equation (4) show that heat sink with thermal resistance R th h-a = 1°C/W is sufficient -even under the most heavy operating conditions (ambient temperature 45°C and maximum operating current) junction temperature T j MAX of the LEDs does not exceed 85°C which is quite acceptable.
III RESULTS AND DISCUSSION
Spectral characteristics of the lamp
Spectral characteristics are experimentally determined using measurements equipment of Stellar Net.
1. First operating regime -spectral power distribution (SPD) of the lamp stimulates cognitive abilities, work productivity, concentration, focus, and has positive effect on the mood.
In this case the spectral distribution of the radiation is characterized by a peak in the area 440 ÷ 480 nm. All LEDs are on, the size of the current through the blue and green LEDs is 350mA; by controlling the magnitude of the current through Samsung LED module correlated color temperature can be set between 5000 K and 6000 K - Fig. 5 -Fig.8 .
Depending on the selected mode of operation and ambient temperature the luminous flux is in the interval 800 ÷ 850 lm. As can be seen from Fig. 5 , Fig. 7 and Fig. 8 the coordinates of the radiant flux is positioned close to the Plank's locus. 
Lamp's spectral power distribution (SPD) which doesn't inhibit melatonin production and the human body naturally prepares for rest and sleep.
In this case only lights the Samsung LED module. To maintain the same luminous flux (800 ÷ 850 lm) the current through the LED module is increased up to 500mA. In the spectral distribution of the light flux is absent intense blue component, which suppresses the production of melatonin - Fig. 9 . The CCT of the luminous flux is about 3000K - Fig. 10 . These features in the spectral distribution of the lamp's luminous flux makes it suitable for lighting in the second half of the day -late afternoon and evening, when the human body naturally prepares for rest and sleep. 
LEDs' thermal management. Experimental investigations.
Experiments are made in a thermal chamber where the temperature is kept at desirable values with the accuracy better than 0.5°C.
Solder point temperatures' distributions are measured using IR camera Therma Cam E300 -FLIR Systems; results are verified using standard measurement technique -by thermocouples.
At each value of solder points' temperatures T sp the corresponding temperatures of the LEDs' junction are calculated in accordance with [17]:
T j = T sp + R th j-sp * P LED .
Results are presented below: 2. Second regime of operation -only Samsung LED module is switched on; the current through Samsung LED module is I Samsung = 500 mA. As it can be seen from the Fig. 12, Fig. 13 , Fig. 14 and Fig. 16 junction temperatures T j for all types of LEDs don't exceed 85ºC, which ensure safety working condition and long life of the designed lighting equipment.
IV CONCLUSION
LED lamp with special spectral characteristics is designed and produced. The spectral characteristics of the lamp contribute to the preservation of human health. The lamp can be used in two modes of operation: in the first mode (lighting during the day) spectral characteristics of the light stimulate the production of cortisol (and inhibits production of melatonin) in the human body and improves the cognitive abilities, work productivity, concentration, focus, and has positive effect on the mood; in the second regime (lighting in the evening) light's spectral characteristics doesn't inhibit melatonin production and the human body naturally prepares for rest and sleep. The transition between the two modes of operation can be performed quite simply -with a key or remote control.
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